The electrocardiographic examination was performed in 33 training horses (2-16 years of age, 11 males and 22 females). Einthoven and precordial leads (I, II, III, aVR, aVL, aVF, CV 1 , CV 2 ,CV 4 ) were used. The ECG was performed in resting horses and immediately after exercise (10 min walk, 15 min trot, 10 min canter) using a portable Schiller AT-1 3-channel electrocardiograph, with a paper speed of 25 mm sec -1 and a sensitivity of 10 mm . mV -1 . The heart rate, wave amplitudes, and duration time were estimated manually. All horses presented a significant increase in heart rate after exercise (rest 43.83 ±10.33 vs. exercise 73.2 ±14.8). QT intervals were significantly shortened in most of the leads. In resting horses, all P waves in the lead I were positive and almost all II, III and CV 4 leads were positive. Simple negative P wave dominated in aVR and only simple negative T wave was found in the leads I. The biphasic shape was observed. After exercise, the amplitude of P and T waves rose, however, clear changes were not observed in wave polarisation and form. In the absence of specific racial characteristics of the electrocardiogram in the Polish AngloArabians, electrocardiographic findings can be interpreted according to ECG standards adopted for horses.
Though ECG method is one of the oldest cardiovascular diagnostic procedures, there is scarce information on electrocardiographic values in different horse breeds. In literature, the need to conduct electrocardiographic studies in horses considering racial specificity of equine ECG is emphasised (5, 10) . ECG recordings provide less information in horses in comparison to human and other animal species. This is connected with wide-spread rapidly conducting Purkinje fibers in the ventricles in horses and solipedes. Individual Purkinje fibers activate the adjacent cells of heart muscle, causing its rapid depolarisation and resulting in simultaneous contraction.
The aim of the study was to estimate normal ECG values for Polish Anglo-Arab horses.
Material and Methods
The study was carried out on 33 healthy halfbred Anglo-Arab horses of both sexes (11 males, 22 females), weighing 480-550 kg. The horses were aged between 2 and 16 years. All horses were subjected to a regular training and reared under the ordinary management. The horses were examined in the stable.
No abnormalities were detected in clinical examination of the horses. Einthoven and precordial leads (I, II, III, aVR, aVL, aVF, CV 1 , CV 2 , CV 4 ) were used in ECG examination.
Alligator clips fixed to the electrocardiographic leads were attached directly to the skin. The sites of the attachment of electrodes were cleaned with alcohol but not shaved and electrode paste was applied. The electrodes were placed over the elbow and knee and on the chest: right and left 5 intercostal spaces (i.c.s.), on the humeral join line, and on the sternum on the ventral midline directly over the xiphoid cartilage approximately 5 i.c.s. The forelimbs were kept in parallel to each other and perpendicular to the long axis of the body. The ECG was performed on resting horses, that calmed down, and immediately after exercise (10 min walk, 15 min trot, 10 min canter) using a portable Schiller AT-1 3-channel electrocardiograph, with a paper speed of 25 mm sec -1 and a sensitivity of 10 mm . mV -1 . The heart rate (HR), wave amplitudes, and duration time were calculated manually on three cardiac cycles of all leads. The values were calculated from the mean of these measurements. Mean and standard deviation (SD) of mean were calculated for each ECG value. The mean electrical axis of the QRS complex on the horizontal plane, as derived from the ventral aspect of the animal, was calculated from the algebraic sum of the deflections in the QRS complex. The differences between both groups were analysed by the Student's ttest. It was considered that P<0.05 was significant. The study was approved by the local ethics committee.
Results
All horses presented a significant increase in heart rate after exercise ( Tables  1-3 . The recorded electrocardiograms showed P and T waves of different configuration: bifid (+/+), simple positive, biphasic (-/+), and simple negative. In resting horses all P waves in the leads I were positive and almost all II, III, and CV 4 leads were positive. Simple negative P wave dominated in aVR and only simple negative T wave was found in the leads I. The bifid shape deflection of the P wave was more frequent than the simple one in electrocardiography at rest. The biphasic shape of P wave was observed, both at rest and after exercise. Several configurations of T waves were presented in electrocardiograms. The negative T wave was the most frequent in electrocardiograms, but biphasic T wave dominated in lead II. QT intervals after exercise were significantly shortened in most of the leads. Other changes occurred in individual leads.
After exercise, the amplitude of P and T waves rose, however, no clear changes were observed in wave polarisation and form. The amplitude of Q wave tended to decrease comparing to R and S waves, whose amplitude slightly rose. The amplitude of R wave was elevated in all precordial leads. Other changes occurred in certain leads.
The mean heart axis slightly shifted toward right (59.4 ±25.56 vs. 68.74 ±33.02), but these differences were not significant. 
Discussion
Anglo-Arabian horses are the most popular in France, but breeding centres are also located in the UK and Poland. Crossing Arabians and Thoroughbreds, enables to obtain light saddle horses with outstanding sporting abilities, especially for flat racing and jumping. Despite the large number of these horses, the ECG has not been characterised in this race so far.
Many different lead systems for recording electrocardiograms in the horses have been studied by several authors (2, 4, 6, 7, 14) . The authors used Einthoven and precordial leads to record electrocardiograms because of the possibility to obtain two perpendicular electric planes. This notation allows a proper interpretation of the ECG even if the location of the heart in the chest is atypical.
Cardiovascular adaptation to exercise is characterised by an increase in cardiac frequency. Heartrate level increases significantly; however, the elevation is moderately responsible for an average physical loading. It is known that the equine cardiovascular system is hugely compliant with a heart rate range from 20 to 240 beats per minute (19) . In this study, ECG showed a significant increase in heart rate in response to exercise (Fig. 1) . It is particularly evident in horses aged 16 years, probably due to already reduced exercise capacity. An increase in HR is inversely proportional to the condition of the animal (Fig. 2) . It should be noted that the studied group of horses comprised race horses, which were only in the initial phase of training, so their level of fitness was not different from that found in the group of recreational horses.
In the ECG obtained, a P wave polymorphism was characteristic, which stays in accordance with studies carried out by other authors (10) . Both the amplitude and duration time of P-waves at resting period presented significant differences in selected leads ( Table  2 ). The most common was bifid P wave at rest, while after exercise the most common was simple positive. Parallel observations of a similar shape of the P wave due to the high heart rate were described by Pasławska (17) . The decisive factor in the process of changing the shape of P wave is activation of the autonomic nervous system (adrenergic stimulation) under the influence of excitement or exercise (3). The obtained ECG recordings also showed biphasic P wave. The ECG tests conducted by Fregin (4) showed no P wave with two components (positive and negative). Perhaps, it was related to the chosen population under study, as biphasic P wave does not occur in every age group (1).
Usually P wave was not visible in the CV 2 and CV 4 , which makes these leads useless to estimate supraventricular conduction. Analysis of the P wave in horses provides less information than in humans and other species because of physiological variability of its shape. Exercise-induced changes included an increase in atrial pressure and atrial muscle stretch (9, 11, 12) , which were hardly visible in ECG records. Similarly, it was hard to observe an overload and enlargement of the individual vestibules (P-mitral, P-pulmonale) (16) . PQ showed supraventricular conduction, and was significantly shortened in almost all leads (except I, CV 2 and CV 4 ). Q wave was found in selected horses in all leads -except wave Q in the rest, CV 1 and CV 2 ; however, most often Q did not exist. S wave was not found only in leads III (in rest and stress ECG).
QRS interval is a picture of ventricular depolarisation. It is known that QRS interval increases with age and training (15) . In the experimental horses, the authors did not notice the effects of age, but the impact of training could not be examined, because of the similar level of activity of the group. It may be concluded that the QRS component has a minimal contribution to shortening of cardiac cycle in the investigated material.
T-wave is associated with the ventricular repolarisation and it is considered the most variable wave in the electrocardiogram. It seems likely that the myocardium repolarisation process may be affected by fear, vagal activity, training, electrolyte imbalance, metabolic disturbances etc. (8) . The most common in the ECG was biphasic T wave. These findings are in accordance with those of Fregin (4), who described the biphasic configuration in lead II as the most frequent in adult Thoroughbred and Standardbred horses. However, in studies by Ayala et al. (2) , the most commonly observed in horses over 4 years of age was positive T wave. Perhaps, this is related to the racial difference of the group. No clear differences after exercise were found for the QRS interval, as well as, duration time and amplitude of T waves.
The most important changes related to PQ and QT interval was that both significantly decreased in the post-exercise records.
Second-degree AV block Mobitz type II at rest was found in three mares aged 3, 8, and 16 years. The authors considered this arrhythmia as physiological, because it did not occur in any of the horses in the study after exercise (13, 18) .
In conclusion, in the absence of specific racial characteristics of ECG in the Polish Anglo-Arab horses, electrocardiographic findings can be interpreted according to the ECG standards adopted for horses.
